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Figure 6-10 — Diaphragms with large openings.
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Figure 8-3 A plan showing how the so-called bow action
subjects the end walls to torsion
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12.3 DIAPHRAGM FLEXIBILITY,
CONFIGURATION IRREGULARITIES,
' AND REDUNDANCY

12.3.1 Diaphragm Flexibility

The structural analysis shall consider the relative
stiffnesses of diaphragms and the vertical elements of
the seismic force-resisting system. Unless a dia-
phragm can be idealized as either flexible or rigid in
accordance with Sections 12.3.1.1, 12.3.1.2, or
12.3.1.3, the structural analysis shall explicitly include
consideration of the stiffness of the diaphragm (i.e.,
semirigid modeling assumption).

12.3.1.2 Rigid Diaphragm Condition |

Diaphragms of concrete slabs or concrete filled
metal deck with span-to-depth ratios of 3 or less in
structures that have no horizontal irregularities are
permitted to be idealized as rigid.




MAXIMUM DIAPHRAGM

SEISMIC LOADING DEFLECTION (MDD)

AVERAGE DRIFT OF VERTICAL ELEMENT
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Note: Diaphragm is flexible if MDD > 2(ADVE).

FIGURE 12.3-1 Flexible Diaphragm
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Figure 4-2 - Design forces for vertical elements and diaphragms.
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Figure 8-2. Diaphragm behavior. {a) L.oading and building
proportions. (b) Rigid diaphragm behavior. {c) Flexible
diaphragm behavior, (d) Semi rigid diaphragm behavior
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12.10 DIAPHRAGMS, CHORDS, R oS o2 9 B JU o 65,805 1+ Y

AND COLLECTORS
E WS1,3L> ol Y-y oY
12.10.1 Diaphragm Design H
Diaphragms shall be designed for both the shear Sy jladal Gy las g 8 (gl b L (05T ,500
ﬁ and bending lsu'ess?s l:e‘smung from design forces. At oo g5l il o310 ola  Stwsnli > digd )b ol )b
- diaphragm discontinuities, such as openings and )
reentrant corners, the design shall assure that the oS gl e Jb glagys JUE J ulghb s ases
dissipation or transfer of edge (chord) forces com- Ll Lels fliabl aed o oSy 057,500
bined with other forces in the diaphragm is within
shear and tension capacity of the diaphragm. o158l sl glg i V-1 +-Y
12.10.1.1 Diaphragm Design Forces I i s Dol ol o sl ela o3 8ls
Floor and roof diaphragms shall be designed to ﬁj__ J_ ) _' dﬂ% f‘H o %P e mﬂ)j
resist design seismic forces from the structural el fas ML b gyl sloj)) (2l AL
analysis, but shall not be less than that determined in il 1] e oty pjalal) jl oS
accordance with Eq. 12.10-1 as follows:
L]
2.F
LR Fpy =—wy, (12.10-1)
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12.10.1.1 Duaphragm Design Forces
Floor and root diaphragms shall be designed to

analysis, but shall not be less than that determmned in
accordance with Eq. 12.10-1 as follows:

F, =5, (12.10-1)
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kg.sec?

m; = 27279.08 —

“avs Wl

F, = 26681.2kg

2 W; = (26286.34 + 27002.37 + 27153.22 + 27279.08) x 9.806 = 1056312kg

z F; = 66004.25 + 44017.59 + 35410.8 + 26681.2 = 172113.84kg

o _ LRy 1721138
PULT sW; T 1056312

X 27279.08 x 9.806 = 43585.81kg

Fp_min = 0.5AIW; = 0.5 x 0.35 x 1 x 27279.08 x 9.806 = 46812.27kg

E, max = AIW; = 035 x 1 x 27279.08 x 9.806 = 93624.54kg

46812.27 — 26681.2
y = = 0.0752

27279.08 X 9.806




where

F,. = the diaphragm design force
F; = the design force applied to Level i
w; = the weight tributary to Level i
Wy = the weight tributary to the diaphragm at Level x

The force determined from Eq. 12.10-1 shall not
be less than

Fpe = 0.25p5 Wy (12.10-2)

The force determined from Eq. 12.10-1 need not
exceed

Fp = 0.48p5 Wy (12.10-3)

Where the diaphragm is required to transfer
design seismic force from the vertical resisting
elements above the diaphragm to other vertical
resisting elements below the diaphragm due to offsets
in the placement of the elements or to changes in
relative lateral stiffness in the vertical elements, these
forces shall be added to those determined from Eq.
12.10-1. The redundancy factor, p, applies to the
design of diaphragms in structures assigned to
Seismic Design Category D, E, or F. For inertial
forces calculated in accordance with Eq. 12.10-1, the
redundancy factor shall equal 1.0. For transfer forces,
the redundancy factor, p, shall be the same as that
used for the structure. For structures having horizontal
or vertical structural irregularities of the types
indicated in Section 12.3.3 .4, the requirements of that
section shall also apply.

12.10.2 Collector Elements

Collector elements shall be provided that are
capable of transferring the seismic forces originating
in other portions of the structure to the element
providing the resistance to those forces.

12.10.2.1 Collector Elements Requiring Load
Combinations with Overstrength Factor for Seismic
Design Caftegories C through F

In structures assigned to Seismic Design Category
C, D, E, or F, collector elements (see Fig. 12.10-1)
and their connections including connections to vertical
elements shall be designed to resist the maximum of
the following:

1. Forces calculated using the seismic load effects
including overstrength factor of Section 12.4.3 with
seismic forces determined by the Equivalent
Lateral Force procedure of Section 12.8 or the
Modal Response Spectrum Analysis procedure of
Section 12.9.

2. Forces calculated using the seismic load effects
including overstrength factor of Section 12.4.3
with seismic forces determined by Equation
12.10-1.

3. Forces calculated using the load combinations of
Section 12.4.2.3 with seismic forces determined by
Equation 12.10-2.

Transfer forces as described in Section 12.10.1.1
shall be considered.

EXCEPTIONS:

1. The forces calculated above need not exceed those
calculated using the load combinations of Section
12.4.2.3 with seismic forces determined by
Equation 12.10-3.

2. In structures or portions thereof braced entirely by
light-frame shear walls, collector elements and
their connections including connections to vertical
elements need only be designed to resist forces
using the load combinations of Section 12.4.2.3
with seismic forces determined in accordance with
Section 12.10.1.1.



12.10.2.1 Collector Elements Reguiring Lood
Combinarions with Cverstrength Factor for Seismic
Dezign Categories C throagh F

In structures assigned to Seismic Design Calegory
, D, E, or F, collector elements (see Fig. 12.10-1)
and their connections including connections to vertical
elementz shall be designed to resist the maximum of
the following:

1. Forces calculated vsing the seizmic load effects
including overstrength factor of Section 12.4.3 with
peismic forces determined by the Equivalent
Lateral Force procedure of Section 128 or the
Modal Response Spectmm Analysis procedure of
Section 12.9.

2. Forces calculated vsing the seismic load effects
including oversirength factor of Section 12.4.3
with seismic forces deemuined by Equation
12.10-1,

3. Forces calculated using the load combinations of
Section 12.4.2.3 with seizmic forces determined by
Eguation 12.10-2.

Transfer forces as described in Section 12.10.1.1
shall be conmidered.

EXCEPTIONS:

1. The forces calenlated above need not excesd thoss
calculated using the load combinations of Section
12.4.2.3 with seismic forces determined by
Equation 12.10-3,

2 In structures or portons thereof braced entirely by
light-frame shear wallz, collector elements and
their connections including connections 1o vertical
elements need only be designed to resist forces
nzing the load combinations of Section 12.4.2.3
with seismic forces detemined in accordance with
Secton 12.10.1.1.

ot S jleanl ol b enllX aea cla f Ll Y-T-Y

FUC glojdes, sl pusaidcudlilel

saf men gle SLICDEF glojdas o gle ol o
polie a4y Jlat bt e o ol 4 (121 VY IS8 )
0,8 7ol gy puolie pi8las el by @38 s

Coady B35 o oot 4y (g 03 0l adone (595
iy St Joles el 03,0 cgaped b YFIY a5 o
AV il 3T eap L ACYY

05 e a8 T-F0Y s ssand cupa bl o3yl g i -
e st S 1Y Y alilea !

3w L T=T=F0Y el o85Sl ol s g5 =Y
Yo ooV Y ol 51 o] sl 65,

B E A S UL SO I PPN ot DY PONE
gt 42T Gl e Sl 4l

el

bl a5 (g pladie 51wl WL jo sael ey (ga i )
3edal s gl 03] iggued L Y-V-FAY e L S
gl il ¥ e d dee T-1 1Y aloles

e 5T o a5 ol ojlo oV

4 oYLl Lol Lo o] oYlasl 5 eanaS pam ol oLl
Saet g g Senglie gl Ll il 05 il jolie
Gty al3l5 L V=T=FAT ta )l oS0 5l el sy
inyF e el V1= oA Y i 51 el
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min{9,max(8,12)}

F,(collector)

13

Fy(Finan

10

165010.6

90217.3

1.366841

139375.2

92674.8

1.662326

122727.2

93192.6

1.898369

108964.5

93624.5

2

96032.0

93733.9

2

80254.2

80254.2




F, X 0y = 0o x max(Fp, F;) = 2.5 x max(43585.81,26681.2) = 108964.5

E,(collector) = min{F ,(nax), max(Fpaniny, By X o)} = min{93624, max(46812,108964)} = 93624

Ey(collector)
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Diaphl.2=1.41Dead+1Live=EX+DXi
Diaph3.4=1.41Dead+1Live=EPX=DPXi
Diaph5,6=1.41Dead+1LivexENX+DNXi
Diaph7.8=1.41Dead+1LivexEY=DYi
Diaph9,10=1.41Dead+1LivexEPY+DPYi

Diaphl11,12=1.41Dead+1LivexENY+DNYi
Diaph13,14=0.69Dead+EX+DXi1
Diaph15,16=0.69Dead =EPX+DPXi
Diaphl17.18=0.69Dead =ENX=DNXi
Diaph19,20=0.69Dead =EY=DY1
Diaph21.22=0.69Dead =EPY=£DPY1
Diaph23,24=0.69Dead =ENY=DNY1
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Collectl,2=1.41Dead+1L1ive=2,(new)EX+=2, (new)DXi S
Collect3.4=1.41Dead+1Live=2,(new)EPX=,(new)DPXi |
Collect5,6=1.41Dead+1L1ive=2,(new)ENX+,(new)DNXi \
Collect7,8=1.41Dead+1L1ive=2,(new)EY+=2,(new)DY1
Collect9,10=1.41Dead+1L1ve£f), (new)EPY=,(new)DPY1 o
Collectl1,12=1.41Dead+1Live£f),(new)ENY=+(2, (new)DNY1
Collect13,14=0.69Dead=1,(new )EX=,(new)DXi |
Collect15,16=0.69Dead =2, (new)EPX=(,(new)DPXi
Collect17,18=0.69Dead =12, (new)ENX=(,(new)DNXi
Collectl19.20=0.69Dead £, (new)EY+££,(new)DY1
Collect21,22=0.69Dead £, (new)EPY=,(new)DPY1i
Collect23,24=0.69Dead =2, (new)ENY=(,(new)DNY1




Diaphl,2=1.41Dead+1L1vexEX+DXi
Diaph3,4=1.41Dead+1LivexEY+DY1
Diaph5,6=0.69Dead+EX+DX1
Diaph7,8=0.69Dead =EY=DY1

Collectl.2=1.41Dead+1Livexf)y(new)EX£0,(new)DX1
Collect3.4=1.41Dead+1Livexf)y(new)EY£,(new)DY1
Collect5.6=0.69Dead=+();(new )EX=, (new)DXi

E Collect7,.8=0.69Dead 02, (new)EY=+2,(new)DY1
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LATERAL FORCE

M : -
s Figure 6-3 - The force couple resisting overtuming in walls at the podi
MOMENT ON DIAPHRAGM level and below is known as the backstay effect.

Figure 8-1. Design forces on a diaphragm
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(a) Collector connection to shear wall boundary zone
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